e have treated 22 patients with an elbow contracture using a static progressive turnbuckle splint for a mean of 4.5 ± 1.8 months. All had failed to improve with supervised physiotherapy and splinting. The mean range of flexion before splintage was from 32 ± 10° to 108 ± 19° and afterwards from 26 ± 10°( p = 0.02) to 127 ± 12° (p = 0.0001). A total of 11 patients gained a 'functional arc of movement,' defined as at least 30° to 130°. In eight patients movement improved with turnbuckle splinting, but the functional arc was not achieved. Six of these were satisfied and did not wish to proceed with surgical treatment and two had release of the elbow contracture. In three patients movement did not improve with the use of the turnbuckle splint and one subsequently had surgical treatment.
Contracture of the elbow is a common complication after trauma or surgery to this joint. The soft tissues surrounding the elbow, including the capsule and collateral ligaments, lose their ability to be stretched, resulting in stiffness of the joint. While early mobilisation and splinting are usually successful in preventing post-traumatic stiffness, the treatment of established contracture may involve both conservative and operative regimes.
In many cases physiotherapy, both at home and in the clinic, together with splinting, is the first line of treatment for all such contractures. Patients are prescribed static flexion and extension splints to maintain their end range of movement when not exercising. Other forms of static progressive and dynamic splinting have been reported to be beneficial in the treatment of established elbow contractures. [1] [2] [3] [4] [5] Manipulation of the elbow under anaesthesia and serial casting may also be useful for resistant contractures. 6, 7 The turnbuckle splint is a static progressive method which may be useful in the treatment of an established elbow contracture. It is applied and adjusted incrementally by the patient to cause progressive stretch at the elbow in either flexion or extension. The efficacy of turnbuckle splinting for the treatment of elbow contractures has received little attention.
1,2
We have assessed the effectiveness of custom-moulded turnbuckle splints in patients with soft-tissue contractures of the elbow which had not responded to standard physiotherapy and static splinting.
Patients and Methods
We have reviewed 22 patients (15 women and 7 men) treated between 1992 and 1995. We excluded those with articular incongruity or heterotopic ossification. Their range of movement at the elbow was less than the functional arc of 30° to 130°, as defined by Morrey et al, 8 despite receiving intensive supervised standardised physiotherapy for at least two months. Their mean age was 39 years (15 to 70). They were placed in a turnbuckle splint after having standard non-operative treatment for a mean of four months (2 to 7). The mean period from the time of the original injury or from surgery was four months (2 to 7). Two patients had isolated postsurgical contractures, five had isolated post-traumatic contractures, and 15 developed their contractures after having open reduction and internal fixation of a fracture, or following release of a surgical contracture after trauma (Table I) . Five injuries were work-related. Eleven patients used the turnbuckle splint to improve both flexion and extension, two used the splint primarily to improve elbow extension and nine to improve flexion (Table II) . The range of movement was measured by the treating surgeon using a standard goniometer before and at the end of turnbuckle splinting. 9 We treated the patients by a custom-moulded orthosis (Truppe Orthotics and Prosthetics, Lambeth, Ontario) designed with an adjustable turnbuckle, so that the same splint could be used for flexion and extension (Fig. 1) . The splints could be modified as needed, to improve the fit. The patients wore the splint for 20 hours per day directed to their maximal contracture. It was worn at night in the position requiring the greatest improvement. At breakfast, lunch, dinner, and before bed, the splint was removed for one hour for periods of active movement. Otherwise, it was worn in alternating positions of flexion and extension. The turnbuckle on the splint was tightened by the patient to the point of stretch, but not pain. As load-relaxation of the soft tissues occurred, it was gradually tightened further by the patient during the period of wear. Turnbuckle splinting was carried out as a home programme without the assistance of supplemental physiotherapy. All patients were followed for at least six months after use of the splint had been discontinued. 1  125  40  85  135  25  110  10  15  25  145  43  102  2  125  35  90  130  35  95  5  0  5  120  50  70  3* 100  30  70  105  40  65  5  -10  -5  133  22  111  4*  95  40  55  125  35  90  35  5  35  110  24  86  5  115  30  85  130  30  100  15  0  15  135  35  100  6  115  35  80  140  30  110  25  5  30  130  30  100  7  120  40  80  130  28  102  10  12  22  125  35  90  8  80  30  50  1 18  34  84  38  -4  34  130  10  120  9  145  35  110  140  15  125  -5  20  15  140  -5  145  10  90  18  72  145  10  135  55  8  63  145  10  135  11  80  45  35  115  45  70  35  0  35  N/A  N/A  N/A  12  150  55  95  140  20  120  -10  35  25  150  0  150  13  100  30  70  130  25  105  30  5  35  135  18  117  14  110  35  75  120  35  85  10  0  10  125  40  85  15  100  25  75  105  10  95  5  15  20  105  15  90  16  115  15  100  130  5  125  15  1 0  25  130  7  123  17  125  35  90  130  25  105  5  10  15  N/A  N/A  N/A  18  95  10  85  113  30  83  18  -20  -2  110  20  90  19*  90  20  70  120  30  90  30  -10  20  N/A  N/A  N/A  20  90  36  54  126  32  94  36  4  40  130  10  120  21  110  35  75  145  28  117  35  7  42  150  22  128  22  107  35  72  120  30  90  13  5 We reviewed 18 of the 22 patients (82%) between six and 37 months after use of the turnbuckle splint. One patient could not return for health reasons, one who was one of three who required surgical release of the contracture, was unwilling to return for follow-up and two were not contactable. Patients were examined by an independent observer who was not involved in their care. They completed a questionnaire designed to evaluate subjective satisfaction with the splint and to estimate the duration of time during which it was worn per day. A visual analogue scale was completed summarising the overall satisfaction of each patient.
The change in flexion, flexion contracture, and the total arc of flexion achieved with the turnbuckle splint was compared using a paired Student t-test. Univariate linear regression was used to analyse the effects of age, magnitude of contracture and time from injury to application of the splint on the final outcome.
Results
The patients wore their splint for a mean of 4.5 ± 1.8 months. The mean range of flexion before splintage was from 32 ± 10° to 108 ± 19°. After splinting the flexion contracture decreased to a mean of 26 ± 10° (p = 0.02) and flexion increased to a mean of 127 ± 12° (p < 0.0001). There was a mean gain in flexion of 20 ± 15° and a decrease in the flexion contracture of 5 ± 11°. Before splintage the total arc of elbow flexion was 76 ± 17° and this improved to 100 ± 18°. A total of 11 patients gained a functional arc of movement; 4 eight patients improved but did not achieve this range. Six of these patients were satisfied and did not wish to proceed with surgical treatment; two had a release of their elbow contracture. Three patients showed no improvement with the turnbuckle splint and one of these had a surgical release (Table II) .
Neither the age of the patient nor the time between injury and use of the splint had any effect on outcome. There was no correlation between the magnitude of the contracture and the gain in the arc of movement.
Of the 18 patients who returned for an independent follow-up, two had lost more than 10° of movement of the elbow after discontinuing the splint. These patients had post-traumatic arthritis; one had shown no improvement with the turnbuckle and another had improved slightly but had then regressed. Three patients made further gains in their arc of movement after discontinuing splinting.
The mean rating of patient satisfaction on the visual analogue scale was 7.3 ± 1.3, with a score of ten representing very satisfied.
Many patients found difficulty in sleeping and carrying out activities of daily living while wearing the splint. As a result, they could only tolerate wearing the splint for a mean of 15 ± 3 hours daily. Their recall of the number of hours spent daily in the splint was poor and we were therefore not able to correlate compliance with the splinting protocol and the range of movement gained. Two patients reported transient paraesthesiae in the distribution of the ulnar nerve which completely resolved with adjustment of the splint. There was no skin breakdown and no long-term complications were seen.
Discussion
Contracted ligaments, muscles, tendons, or capsule can be corrected using the principle of creep or load-relaxation. Creep occurs when a contracted tissue is placed under a constant load, thereby achieving a change in displacement. Load-relaxation occurs when a contracted tissue is stretched or displaced, thereby creating a load, which dissipates over time. 10, 11 Dynamic splinting is based on the principle of creep and static progressive splinting on the principle of load-relaxation. By tightening the turnbuckle and lengthening the tissues, the splint creates a load which dissipates over time as load-relaxation occurs. The application of prolonged loading to dense connective tissues generates a biological response to modify the length or cross-link integrity of collagen and thereby allows a permanent change in the tissue. 12, 13 In static progressive splinting the patient controls the magnitude of the applied load by adjusting the turnbuckle to the maximum load which can be tolerated comfortably. This graduated and prolonged tissue stretching may explain the success of this approach compared with intermittent physiotherapy and static splinting. Dynamic splinting applies a fixed load which may cause pain and diminish compliance with the splinting regime. Soft-tissue damage and inflammation may occur due to overloading of the tissues which may retard remodelling. Dynamic loads which are too small to achieve the desired stretching of the soft tissues may not result in any gains in movement. We know of only two other series reported in the English literature in which static progressive splinting has been used for post-traumatic and postsurgical con- , possibly because our flexion contractures were less severe being 32° compared with 60° in their series. This probably allowed greater gains in extension, although the final flexion contracture was not considerably different, being 23° in Green and McCoy's patients as opposed to 26°i n ours. Our patients had more improvement in flexion by the use of the turnbuckle splint, with a mean improvement of 20°. This may be a reflection of the design of the splint or of the splinting programme, and may be because our patients had only a mean of 108° of flexion before splinting, which is 22° less than was considered functional by Morrey et al. 8 The mean flexion contracture of our patients before splintage was 32° which is close to functional. Most of our patients were unable to tolerate the splint for 20 hours each day. Unfortunately, due to poor recall of the actual time spent in the splint, we were not able to correlate gains in the range of movement with the number of hours of splintage. The patients of Bonutti et al 1 made their gains by a small number of 30-minute splinting sessions each day. It may therefore be possible to make equal gains with a much less rigorous regime than that used by us. Patient acceptance and satisfaction would be better if this was so.
After the application of a load to dense connective tissues, relaxation occurs exponentially. 10, 11 The duration for which this stretch has to be applied before biological remodelling of the tissue occurs is unknown. 12, 13 Shorter periods of application of the load may achieve the same gains. We found that compliance with the turnbuckle splint tended to decrease as patients approached a functional arc of movement, possibly explaining the ultimate range of flexion achieved with this method of treatment.
A total of 19 of our 22 patients made gains in elbow movement with improvement in the arc of ≥ 10° by the use of a static progressive splint despite not responding to an intensive standardised programme of physiotherapy and static splinting. 9 These improvements in movement were maintained after discontinuation of the splint, except in two patients with post-traumatic arthritis. A functional arc of elbow flexion was achieved in 11 patients, thereby avoiding surgery. Only three of our patients requested surgical release of their residual contracture. No complications were encountered from the use of the splint. In comparison, surgical release of elbow contracture is an expensive undertaking with significant risk to the patient. It also relies on the motivation of the patient and compliance with postoperative rehabilitation to achieve satisfactory results.
Although we could not demonstrate a relationship between time from injury/surgery to improvement in movement after turnbuckle splinting, all our patients were less than seven months from the inital event. While some authors have suggested that turnbuckle splinting may be effective in long-standing elbow contractures this has not been our experience, hence the restricted selection of patients for splinting in our study. We believe that patients in whom turnbuckle splintage is likely to succeed should have some 'springiness' to their extremes of movement, indicating that load-relaxation could occur when the splint is applied. The presence of mild discomfort on stressing the end-ranges is suggestive of ongoing healing of the capsule and ligaments which have the potential for tissue remodelling in response to an applied load. Based on our experience with two patients who had mild post-traumatic arthritis, turnbuckle splinting should be avoided in this group since they did not reliably improve or maintain their range of movement at follow-up. This may be due to the inability of the arthritic joint to tolerate compressive loads generated by the turnbuckle splint and a gradual progression of arthritis over time. There was no correlation between the age of our patients and their response to splinting. Since most of our patients were adults, we cannot comment on this relationship in children.
